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Mand training, a common component of language training programs for
children with autism, is associated with several clinical benefits (Sundberg &
Michael, 2001), yet mand training sometimes results in high-rate responding that is
difficult to maintain. One method of reducing high-rate mands to manageable rates is
known as graduated signaled delay to reinforcement. The current investigation
involved a series of three studies to evaluate the ability of three independent variables
(a) highly preferred toys, (b) signal duration, and (c) schedule thinning methods to
enhance signaled delay to reinforcement. The results of the three studies indicate that
7 of the 8 evaluations of signaled delay to reinforcement resulted in reduced mand
rates without extinction of the response. Ultimately, all of the findings were.in
contrast to previous research results, indicating that either each independent variable
had near-equal effects or that a confound, most likely multiple treatment interference,
was responsible for the discrepant results. Future research in this area should utilize a
between group design in order to prevent this confound and determine clear
recommendations for clinicians and applied researchers.
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CHAPTER I
VERBAL BEHAVIOR: THE MAND
Children with developmental disabilities such as autfsm or mental retardation
may have multiple communication deficits, including delay or lack of spoken
language, inability to use alternative modes of communication, and impaired
conversation skills (American Psychiatric Association, 1994). These deficits pose
several problems not only for the children, but also for their caregivers and educators.
For example, lack of appropriate communication skills may lead to disruptive or
aggressive behavior that allow individuals to gain access to important reinforcers
(Carr & Durand, 1985). A limited communication repertoire may also impair social
interactions and academic progress. One possible solution to the communication
problems faced by this population lies in an approach based on B.F. Skinner's
analysis oflanguage (Sundberg & Michael, 2001).
In Verbal Behavior, Skinner (1957) classified language based on the relation
between a response and its controlling variables (e.g., discriminative stimuli,
reinforcers, motivative variables). In language acquisition programs based on
Skinner's analysis, the elementary verbal operants (e.g., mand, tact, echoic,
intraverbal) are taught as separate functional units and are considered the foundational
building blocks for more advanced language. Among these verbal operants, the mand
may be the most important to teach first (Sundberg & Michael, 2001 ).
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According to Skinner (1957), the mand is "a verbal operant in which the
response is reinforced by a characteristic consequence and is therefore under the
functional control of relevant conditions of deprivation or aversive stimulation"
(p.36). Michael's (1993) elaborated definition specified that the mand is "under the
functional control of the establishing operations relevant to that consequence," and
that the form of the mand, unlike other verbal operants, has "no specified relation to a
prior discriminative stimulus" (p. 101). In other words, the mand specifies its
reinforcer and directly benefits the speaker by resulting in access to the reinforcer,
making it perhaps the easiest and most important verbal operant to teach to an
individual with language impairment (Sundberg & Michael, 2001 ).

Clinical Benefits
A number of clinical benefits of mand training have been proposed. For
instance, mands may be more likely to be spontaneously emitted and may generalize
outside of the training environment because proper mand training prevents erroneous
stimulus control (Hall & Sundberg, 1987; Michael, 1988). Sundberg and Michael
(2001) suggest that mand training be taught early in language training programs
because mands allow individuals to gain meaningful control over their environment
(as opposed to receptive language, for example). Additionally, children come into
contact with reinforcers during mand training and speaker and listener roles are
established, thereby increasing the value of language. This may reduce problems
associated with language training and other skill acquisition in the future.
Furthermore, mand training appears to be socially valid, as evidenced by the
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frequency of parent and trainer reports of enjoyment during training (Sundberg &
Michael, 2001; Wacker,Berb, Harding, Barretto, Rankin, & Ganzer, 2005).
Within the intervention known as functional communication training (FCT),
mand training has been shown to be effective in reducing so~ially maintained problem
behavior (e.g., Carr & Durand, 1985; Hagopian, Wilson, & Wilder, 2001; Wacker et
al., 1990). When using FCT, the reinforcer for the problem behavior is first identified
through a functional analysis and then the individual is taught an appropriate,
functionally equivalent mand. This new alternative response is then differentially
reinforced (constituting differential reinforcement of alternate behavior) while
problem behavior is generally placed on extinction or punished (Fisher, Kuhn, &
Thompson, 1998). For example, if a child has engaged in hitting that resulted in
access to toys, \a vocal mand (e.g., "Can I play with thatr), a more appropriate
response topography, might be taught that results in the same reinforcer. If taught
properly, the mand should generalize to other tasks or contexts, thereby further
reducing problem behavior while maintaining access to reinforcement (Durand &
Carr, 1991).

Limitations
· Despite the proposed benefits of mand training mentioned above, mand
training is sometimes associated with negative outcomes. Mand training often begins
with immediate and frequent reinforcement, which may sometimes lead to difficultto-maintain high mand rates (Hagopian, Fisher, Sullivan, Acquisto, & LeBlanc, 1998;
Hanley, Piazza, Fisher, & Maglieri, 2005; Shirley, Iwata, Kahng, Mazaleski, &
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Lennan, 1997). High-rate mands can become problematic not only as an annoyance to
caregivers because of their required frequent reinforcer delivery (Hanley, Iwata, &
Thompson, 2001 ), but also because high rates of reinforcer consumption decreases the
amount of time available for other learning opportunities (Wacker et al., 1990). For
example, if a child frequently mands for and receives a certain item in an educational
setting, there might be little time to work on skill acquisition due to competing
reinforcer consumption. Also, consumption of edibles at a high rate over time may not
be healthy or appropriate. In addition, the reinforcer may sometimes be unavailable or
there might be contexts in which reinforcer delivery would be inappropriate (Fisher,
Thompson, Hagopian, Bowman, & Krug; 2000). In these cases, a reduction in
reinforcement density might result in extinction of the mand and potentially an
increase of problem behavior.
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CHAPTER II
REDUCING HIGH RATE MANDS: A REVIEW OF THE CURRENT RESEARCH
Schedule Thinning Methods
Delay to Reinforcement. Two schedule-thinning methods for attenuating the
difficulties associated with high-rate mands have been investigated. The first,
graduated delay to reinforcement, has been used to progressively increase the time
between mand and reinforcer delivery, thus resulting in reduced mand frequency and
more convenient reinforcer delivery. Graduated delay to reinforcement can be used
with either signaled or unsignaled delays. During signaled delay to reinforcement, a
stimulus (e.g., red card) is presented during the delay period following a mand
response. During the signaled-delay period, no reinforcers are delivered contingent
on the occurrence of mands (extinction). When the delay expires, the signal is
removed and access to a reinforcer is provided. Over time, the duration of the delay
period is gradually increased, resulting in reduced mand rates due to extinction.
Basic research suggests that the use ofa signal results in stabl~ __and lower
rates of responding during delay to reinforcement compared to unsignaled delay to
reinforcement, which often results in highly variable responding (Richards, 1981;
Williams, 1976). These phenomena may occur because the signal functions as a
discriminative stimulus, thus resulting in more effective responding (i.e., fewer
responses are emitted when the reinforcer is unavailable) (Chung, 1965). Signals can
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either be presented throughout the entire delay interval (a complete signal) or occur
for only a short time just before the delay period begins (a brief signal). While both
brief and complete signals have both shown to be effective in maintaining responding
(Walker & Branch, 1996), there is evidence that complete signals may be more
effective compared to brief signals; however, responses are less likely to occur during
completely signaled delay periods, even as delay values increase (Schaal & Branch,
1988).
Multiple Schedules. The second general strategy for reducing high-rate
mands, a graduated multiple schedule, consists of two components: a reinforcement
component in which reinforcers are made available on fixed-ration (FR) 1 schedule
contingent on mand responses, and an extinction component in which mand responses
do not result in access to reinforcers. Reinforcement and extinction components are
alternated, and the duration of the extinction component is gradually increased while
the duration of the reinforcement component either remains constant or is gradually
decreased. As the extinction component increases, mand rates decrease.
Like delay to reinforcement, multiple schedules can be either signaled or
unsignaled. In the signaled variation, one stimulus (e.g., green poster) is presented
during the FR-1 component, and a different stimulus (e.g., a blue poster) is displayed
during the extinction component. Unsignaled multiple schedules are typically referred
to as mixed schedules and do not facilitate stimulus control to the same extent as
when components are signaled (Hanley et al., 2001; Long, 1962).
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Evidence for the Use of Schedule Thinning Procedures
Hagopian et al. (1998). Hagopian et al. (1998) found that FCT plus
extinction was effective in 22 out of 25 applications for the treatment of problem
behavior of individuals with developmental disabilities. For 12 of these applications,
the alternative response (presumably a mand) resulted in access to tangibles or
attention on an FR-I schedule. Graduated signaled delay to reinforcement was used to
(a) gradually increase the time between the alternative response and reinforcer
delivery, (b) maintain the alternate response at a manageable rate, and (c) maintain
low levels of problem behavior. For example, a child would mand for an item and the
experimenter would respond ''Nice asking, but you need to wait" (the signal). The
authors began with a 1-s delay that was gradually increased following 2 consecutive
sessions in which problem behavior remained at or below 90% of baseline
responding. The authors reported that the schedule was thinned in small, pre-set
increments (e.g., ls, 3s, 5s, 7s). As the delay was increased, problem behavior
increased for 7 of the 12 applications, thereby reducing the efficacy of FCT with
extinction. The reduction in the efficacy of this procedure could have been a function
of the disruption of the response-reinforcer relation since the reinforcers were no
longer being delivered immediately.
Hanley et al. (2001 ). Delay to reinforcement was also investigated as a mandreduction procedure by Hanley et al. (2001). The authors evaluated different methods
of schedule thinning following successful use of FCT in the treatment of selfinjurious behavior (SIB) maintained by positive reinforcement of adults with
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developmental disabilities. First, the authors evaluated increasing delays to
reinforcement with one participant whose alternative response was occurring at
unacceptably high rates. The alternative response, pressing a micro switch, resulted in
10 s of access to popcorn on an FR-1 schedule. The delay, which was not signaled,
was gradually. increased between the occurrence of the response and the delivery of
the reinforcer following two consecutive sessions in which SIB remained at or below
85% of the baseline mean. The occurrence of SIB resulted in no programmed
consequences (extinction). As the delay was increased to 8 s, the alternative response
also increased in frequency. Following the next two delay-value increases, alternative
responding quickly decreased to zero and SIB began to occur at low, variable rates.
One possible explanation for this phenomenon was that the participant earned fewer
reinforcers as the time delay was increased. Also, as the alternative responses
increased, the percentage of reinforced responses decreased as the time delay
increased, which may have led to a weakening of the contingency between the
alternative response and the reinforcer, possibly leading to the extinction of the
alternative response while simultaneously evoking SIB.
Hanley et al. (2001) also evaluated the use of a graduated multiple schedule
for reducing high-rate mands during FCT. In one component, alternative responses
resulted in FR-1 reinforcement and in the second component they were placed on
extinction. During each component, a distinct stimulus in the form a colored
laminated card (white for reinforcement, red for extinction) was presented. The
reinforcement-component duration began at 45 s and the extinction condition was set
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at 15 s. The FR-1 component was increased to 60 sand remained there throughout the
duration of the evaluation. The extinction component was gradually increased
following two consecutive sessions in which SIB remained at or below 85% of the
baseline mean, to a terminal duration of240 s. Results of this evaluation revealed
stable and slightly higher rates of alternative responses in the FR-1 component.
Initially, high rates of responding occurred during the extinction component (of an
extinction burst), but decreased to near-zero level as the duration of the extinction
component increased. Rates of SIB remained at or near-zero level during both
components. In summation, the graduated multiple-schedule arrangement was
effective in maintaining low rates of alternative responses during effective FCT
treatment of SIB.
Sidener et al. (2006). Sidener, Shabani, Carr, and Roland (2006) also
investigated graduated signaled delay to reinforcement and multiple schedules as
strategies to maintain mands at practical levels following FR-1 mand training with
children diagnosed with autism. In contrast to prior research on FCT (e.g., Hanley et
al., 2001 ), the focus of this study was solely on the acquisition of mands rather than
the reduction of problem behavior. During signaled delay to reinforcement, each
---~,

mand resulted in a signal (''wait" plus the presentation of a timer). Reinforcers were
delivered following the delay interval. During the multiple-schedule evaluation,
periods of reinforcement and extinction were alternated with corresponding stimuli. A
yellow card was present during the reinforcement components when mands were
reinforced on an FR-1 schedule, and a blue card was present during the extinction
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components. Each reinforcement component was 30 s in duration, while the
extinction components began at 15 sand were gradually increased to 270 s.
Sidener et al. (2006) used the schedule thinning recommendations from
LeBlanc, Hagopian, Maglieri, and Poling (2002), which involved increasing the
extinction and delay intervals by 30% to 100% at each schedule value following 2
consecutive sessions conducted (with at least 2 mands per session) at each value.
Probes for the three higher values were conducted after every third schedule value
was reached. If criterion responding was maintained during the probe, the next highest
schedule value was probed. If not, the schedule reverted to the previous value. The
results indicated that signaled delay to reinforcement was ineffective at maintaining
mands while the multiple schedule arrangement was effective at maintaining mands at
low rates at the terminal delay level of270 s. Only 2 of the 4 participants exposed to
signaled delay to reinforcement were able to reach the terminal value, while all 3
participants exposed to the multiple-schedule arrangement reached the terminal goal.
These results replicated those of Hanley et al. (2001). A somewhat surprising result in
this study was that signaled delay to reinforcement was not effective; however the
authors noted participants losing contact with the timer (signal) and long delays
between timer presentation and reinforcer delivery, might have contributed to the
ineffectiveness of the procedure.

Enhancing Delays to Reinforcement
Dixon & Cummings (2001). In the self-control literature, engaging in
alternative activities during the delay period has been assessed as a possible way to
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enhance schedule thinning under progressive delay schedules. Dixon and Cummings
(2001) used a progressive-delay schedule to increase self-control (selecting a delayed
larger reinforcer over an immediate smaller reinforcer) among three children
diagnosed with autism who displayed disruptive behavior. The authors compared
sessions with and without the use of alternative activities, described only as
"programs", during the delay to determine which was more effective at increasing self
control and decreasing problem behavior. The delay began at the average delay during
baseline and was increased gradually during the following sessions until a terminal
delay value of 12 times that of baseline. During training, all participants preferred the
larger reinforcer associated with an activity contingency over the same reinforcer
without.the activity contingency. Problem behavior only occurred during sessions in
which the activity contingency was absent. The results of this study indicate that the
use of activities during schedule thinning may enhance self-control training for
children with autism.
Dixon et al. (2003). Dixon, Rehfeldt, and Randich (2003) conducted a
component analysis of the intervention employed in the Dixon and Cummings (2001)
study to determine which component, the progressive delay schedule or the alternate
activities, was responsible for increasing the effectiveness of self-control training. A
choice baseline condition was conducted to determine the percentage of trials a
participant would choose a smaller or larger reinforcer when they were both
immediately available upon selection. A multielement design was used to evaluate
two
self-control training conditions in which the participants chose between a small
f
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immediate reinforcer and a large progressively-delayed reinforcer. In one condition,
when participants selected the larger reinforcer they were required to engage in an
arbitrary activity during the delay. In the other condition, no activity was required.
Discriminative stimuli (yellow, blue, or brown index cards) associated with each
reinforcer choice option (small immediate, large delayed with activity, large delayed
with no activity) were alternated during each session. Delays for the larger reinforcer
began at Os and were increased every third session. All three participants
demonstrated an increase in the percentage of trials from baseline to training in which
a large reinforcer was selected, despite increasing delays to reinforcement associated
with the large reinforcer. Two of the 3 participants preferred the condition in which
an activity was provided during the delay for the larger reinforcer, and these finding
provide support the use of alternate activities during delay schedule thinning.
Fisher et al (2000). Fisher et al. (2000), evaluated the value of having
alternate activities available during delay thinning as a way to facilitate tolerance of
delayed reinforcement during FCT. One participant with moderate to severe mental
retardation engaged in destructive behavior that was successfully treated using FCT
with extinction. Although destructive behavior was occurring at near-zero rates,
access to a tangible item provided contingent upon an alternative (mand) response
was almost continuous. The experim~nters used unsignaled delay to reinforcement in
an attempt to increase the delay between the mand and the reinforcer to 10 min.
Unfortunately, as the delay increased, problem behavior increased, and a delay of only

95 s was reached. At this point, the experimenters implemented a 30 s basket-hold
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time-out procedure contingent upon the occurrence of destructive behavior. The
behavior increased sligh,tly, so the basket hold component was removed, and a
contingency for completion of an academic task was added during the delay instead.
After this contingency had been implemented, the delay period was successfully
increased to the goal of 10 min while maintaining low rates of destructive behavior
with fewer deliveries of reinforcement for the alternative response. The results of this
study demonstrate the effectiveness of alternate academic activities for facilitating
tolerance of a delay period during schedule thinning following treatment of severe
destructive behavior using FCT with extinction.
Hagopian et al. (2005). In a recent-study, Hagopian, Contrucci, Kuhn, Long,
and Rush (2005) evaluated the effects of alternative activities on the pace of schedule
thinning ofFCT with extinction as treatment for the severe problem behavior of three
individuals with developmental disabilities. Using a competing stimulus assessment,
multiple preferred items (e.g., puzzle, book, video game) were identified prior to the
treatment evaluation. These stimuli were later used to compete with reinforcers that
',

had been identified to maintain problem behavior. After participants were taught an
appropriate alternative response for the reinforcer that was identified to maintain
problem behavior (e.g., "I need your attention"), they began the first phase of the
treatment analysis. In this phase, problem behaviors were placed on extinction, while
the alternative responses were reinforced for 30 son an FR-1 schedule. The following
phase was the same as the previous phase except that the competing stimuli were
noncontingently available for the entire session. Schedule thinning was conducted
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according to a preset schedule during each phase, and the delays were signaled. For 2
participants, signaled delay to reinforcement was used to increase the delay between
the mand and the delivery of the reinforcer. The schedules were thinned if problem
behavior remained at or below 2 behaviors per min per session for 2 consecutive
sessions with probes ahead to move more quickly. For the third participant, a multiple
schedule (FR 1 extinction) was used. For this participant, the terminal schedule was 1
minute of FR 1 and 9 minutes of extinction. The FR-1 component duration was 1 min
and remained there while the extinction component was gradually increased in
duration throughout the experiment. The criterion for advancing was the same as for
the other two participants except that problem behavior had to remain at .4 or less per
min.
Results indicated that when competing stimuli were used in conjunction with
FCT + Extinction, schedule thinning was accomplished more quickly with fewer
occurrences of problem behavior than with FCT and extinction alone for two
participants. For the third participant, both conditions resulted in a similar number of
sessions to reach the terminal schedule, however once the schedule was reached
problem behaviors began to increase. This did not occur when competing stimuli
were in place. One possible explanation for these results is that competing stimuli
may have attenuated the establishing operation for problem behavior. This study
supports the use of competing stimuli (alternate activities) to enhance the use
schedule thinning of graduated signaled delay to reinforcement following functional
communication training for the treatment of problem behavior.
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CHAPTER III
RATIONALE FOR CURRENT INVESTIGATION
The use of alternate activities during signaled delay to· reinforcement, as well
as during the extinction component of a multiple schedule, has been shown to be
effective in both the self-control and FCT literatures. However, the potential benefits.
of alternate activities during schedule thinning of signaled delay to reinforcement
following mand training in a language acquisition program have not been assessed.
As mentioned earlier, one of the drawbacks of mand training is the potential for
unmanageable high rates of mands to develop. Sidener et al. (2006) addressed this
issue using signaled delay to reinforcement and a multiple schedule arrangement
during mand training. Although moderately preferred toys were available during their
study, no participants played with them during schedule thinning. The purpose of the
present investigation was to extend previous research by Sidener et al. and Hagopian
et al. (2005) by evaluating the use of preferred activities during graduated delay to
reinforcement following mand training. Because the addition of a signal seemed to
improve schedule thinning in previous research (Hagopian et al., 1998;Hanley et al.,
2001), the present study employed a signaled corresponding with the delay to
reinforcement Also, the results of the self control literature indicate that the use of
alternate activities during the delay period may increase self control (Dixon &
Cummings, 2001; Dixon et al., 2003). Thus, the initial experimental question was

16
whether concurrently available highly preferred items facilitated schedule thinning
during signaled~delay to reinforcement.
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CHAPTERIV
EXPERIMENT 1: THE EFFECTS OF CONCURRENTLY AVAILABLE
PREFERRED STIMULI ON GRADUATED SIGNALED DELAY TO
REINFORCEMENT
Method
Participants and Setting
Two children enrolled in a classroom for children diagnosed with autism
participated in this study. Steven, age 4, had no vocal mand or tact repertoires and
occasionally engaged in problem behavior in the form of biting others and screaming.
Rob, age 4, had limited vocal mand and tact repertoires, articulation difficulties, and
often engaged in repetitive vocal behavior.
Sessions were conducted in the dining room adjacent to the kitchen of
Steven's home 2 to 4 times per week, while sessions for Rob were conducted in a
treatment room at Western Michigan University 2 times per week. Each baseline
session lasted 5 min, intervention sessions lasted approximately 5 to 9 min, and 2 to 6
sessions were conducted during each visit. All sessions were videotaped for
subsequent data collection. In Steven's home, 1 to 2 data collectors were present and
within view during all sessions. For Rob, data were collected from a monitor in an
observation room, and only the experimenter was present in the treatment room with
Rob during sessions.
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Materials
Two laptop computers were available for each session; one was used for data
collection purposes, and one was used to operate the signal during intervention
sessions. A 17.8 cm x 25.4 cm transparent plastic food container divided into five
equal sections was used to store highly preferred foods. Other materials included a 10
cm x 10 cm laminated picture of the food container, preferred toys, a small table and
chair, 2 digital timers, and either a wall-mounted video camera (Rob) or a video
camera on a tri-pod.
Data Collection and Interobserver Agreement
Data were collected on the frequency of participants' mands that occurred in
10-s bins in each session, and the experimenters' correct implementation of the
session protocols. Data were also collected on the duration of toy play during each
session. When possible, 2 independent, trained observers collected data on the
frequency of mands during each session. When 2 data collectors were not available,
primary mand data were collected during live sessions, while secondary data were
collected from video tapes of session. Data on the duration of toy play were collected
by trained observers from session video tapes.
Interobserver agreement (IOA) was calculated for the occurrence of mands
during 85.1 % of sessions for Rob and 63.3% of sessions for Steven using the pointby-point method (# of agreements / [# agreements + disagreements] x 100%). The
mean JOA was 97.3% (range, 77.0% to 100%) for Rob and 97.4% (range, 76% to
100%) for Steven.
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A checklist of crucial experimenter in-session behaviors was used to collect
treatment integrity data on the correct implementation of the procedures.
Experimenter behaviors were grouped by their relation to the occurrence of mands for
the food box (i.e. experimenter behavior before, during, and after a given mand). If
even one behavior was omitted or performed incorrectly, the entire trial was scored as
incorrect. Treatment integrity was scored by dividing the number of correct trials by
the total number of correct and incorrect trials(# of correct trials/[# of correct trials
+ incorrect trials]). Data were collected during at least 58.3% the sessions for Rob
with a mean of 98.7% (range, 67.0% to 100%). Treatment integrity was collected
during 81.3% of sessions for Steven with a mean of91.8% (range, 2.0% to 100%).
Total agreement(# of agreements/[# agreements+ disagreements] x 100%) was
assessed for 57.9% of the sessions in which treatment integrity data were collected for
Rob and 70.5% for Steven and averaged 100% and 90.8% for Rob and Steven,
respectively.
Pre-Experiment Training and Assessment
Preference assessment. The parents of both participants completed the
Reinforcer Assessment for Individuals with Severe Disabilities (RAISD; Fisher,
Piazza, Bowman, & Amari, 1996) in an interview with the first author to identify 5 to
8 highly preferred foods and toys. These items were then evaluated in stimulus
preference assessments.
Using information from the RAISD, a multiple-stimulus (without
replacement) preference assessment (MSWO) was conducted for Rob based on the
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procedures described by DeLeon and Iwata (1996). Small, similarly sized pieces of
foods were placed in a semi-circle array in front of the participant. The participant
was told the name of each item and was given the opportunity to sample each of them.
Next, the items were randomized and placed back in the semi-circle formation, and
the participant was given the opportunity to choose an item (e.g., point to, name, or
otherwise select an item) from the array and consume it. After a food item was
selected, the remaining pieces of that particular food were removed from the array and
the remaining food options were randomized for the following trial. Trials were
conducted in this manner until all food options had been selected. These procedures
were repeated with two additional arrays. The five most preferred food items were
placed in the food container and were used as consequences throughout the study.
A separate MSWO assessment was conducted with Rob to identify five highly
preferred toys that were made freely available during certain delay-to-reinforcement
conditions (i.e., toy condition). Prior to the assessment, the experimenter named and
demonstrated appropriate play with each toy, after which the participant was allowed
to sample any or all of the toys. When this was complete, the procedures were
identical to the aforementioned preference assessment, except that the participant was
given 30 s to play with each toy contingent on its selection.
Steven appeared to have some difficulty scanning items presented in an
MSWO preference assessment, so a modified MSWO assessment was conducted for
food by placing one of each type of food item into a bowl and allowing the participant
to select and consume items from the bowl. The order of food selection was recorded
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by the experimenter, and the preference assessment was conducted two additional
times. A paired-stimulus preference assessment (Fisher, Piazza, Bowman, Hagopian,
Owens, & Slevin, 1992) was then conducted to identify preferred toys for Steven.
Toys were presented to Steven in pairs from which he could select one for 30 s of
interaction. The experimenter continued to present stimulus pairs until each toy had
been presented with each of the other toys one time. A selection percentage was
computed by dividing the number of times an item was selected by the total number
of times the item was presented and multiplying the quotient by 100%. A preference
hierarchy was determined by ranking the selection percentages of each item. Based on
the results of the preference assessments; five foods and five toys were selected for
use with each participant throughout the study. The food items selected for Rob were
Cheetos, Doritos, M & M's, Fritos, and mini chocolate donuts, and his toys were a toy
lap top, a barn with animals, a race car ramp with two toy cars, a singing Bob the
Builder, and connecting blocks. Stephen's food items were Lucky Charms
marshmallows, Doritos, Sunchips, Cheerios, and Goldfish Crackers and his toys were
a shape sorter, stackable ring set, a puzzle, an inflatable book, and a bead maze.
Mand training. To control for fluctuations in the establishing operations (EOs)
for each reinforcer, participants were taught a mand for access to a food container
containing 5 highly preferred food items identified in their preference assessments,
rather than teaching a mand for one individual.item. Mand training was taught using
the procedures outlined in the first two phases of the Picture Exchange
Communication System (Frost & Bondy, 1994). Each participant was first taught to

deliver the picture card to the experimenter sitting across from him at the table. They
were then taught to find the picture in various locations in the session room and
deliver it to the experimenter in the event that the participant should leave the table
during session. Immediately following the delivery of the picture card, the
experimenter opened the food box container and allowed the participant to select one
food item. The mastery criteria for mand training were four unprompted responses in
a block of 5 trials with the first response being correct. Both participants mastered
mand training in one visit.
Mand· assessment When the participants were able to mand independently,
assessments were conducted to ensure that the responses were functioning as mands
(i.e., they were under EO control). During the first test, the food container was
removed from the participant's view and the picture was available on the table in
front of him. With this arrangement, if the participant handed the picture to the
experimenter, a response was considered to be controlled by an EO rather than the
presence of the food container. A second assessment was conducted in which the
open food box and the picture of the food box were available to the participants, and
they were free to select items from the food container without delive�ing the picture
card. If the participants attempted to deliver the card to the experimenter in this
condition, the response would not be solely under EO control, but instead evoked by
the presence of the picture. Mand assessment sessions were 5 min in duration, and
data were collected on the frequency of mands, as described above. The responses of
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both participants indicated that their mand responses were controlled by an EO rather
than other environmental stimuli.
For Rob, additional training was conducted to teach him to select items from
the food box using a pincer grasp rather than scooping out items with his whole hand.
This training was conducted in one visit.
Treatment Evaluation
Experimental design. A multiple-baseline design across participants with an
embedded alternating treatments design was used to evaluate the effects of
concurrently available toys on schedule thinning during signaled delay to
reinforcement. Two experimenters implemented the baseline condition and sessions
· were alternated between experimenters in a semi-random fashion. Sessions were
conducted until the terminal delay of270 s was reached for 2 consecutive sessions.
Baseline. Following mand training, an experimenter sat at a small table
directly across from the participant. The picture card was attached with Velcro to a
small wooden board that was placed in front of the participant. The food container
was placed directly in front of the experimenter such that, when opened, the food
items inside could be easily reached by the participant.· The experimenter avoided eye
contact with the participant and carefully held the lid closed on the food continuer
until the participant delivered the picture card to the experimenter. These independent
mands for the food container resulted in brief access to the food container on an FR-1
schedule. Participants were physically prompted as needed to ensure that only one
piece of food was taken.
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Signaled delay to reinforcement. This condition was conducted similar to
baseline, except that a brief delay was introduced between the mand and access to the
food container, starting at 1 s. When the participant emitted a response, the
experimenter activated a laptop software program that displayed a solid color on the
screen and played a song for the duration of the delay interval. All mands that
occurred during this delay interval were ignored, and the picture card was simply
returned to the board in front of the participant. When the delay had expired, the
experimenter opened the food container until the participant had selected one food
item. Only one experimenter conducted these sessions.
Signaled delay to reinforcement+ toys. This condition was identical to the
signaled delay-to-reinforcement condition described above in all respects, except that
one toy was made available throughout the entire session. This toy was selected using
a brief 5-item, one-array preference assessment that was conducted prior to each
session. The participant was allowed to choose one item, and that item was made
available throughout the session. The second experimenter conducted all of these
sess10ns.
Schedule thinning. Schedule thinning involved increasing the delay intervals
by 30% to 100% at each schedule value. In order to increase the delay, at least 1 mand
must have been emitted per session for 2 consecutive sessions. The delay value began
at 1 sand was gradually increased to the terminal delay of270 s. Using this method,
earlier increases were closer to 100% increases (e.g., 1 s to 2 s) and later increases
were closer to 30% (e.g., 90 s to 120 s). This allowed the experimenters to avoid large
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value increases from session to session in order to maintain the mand-reinforcer
relation. If no mands were emitted for two consecutive sessions at a given delay
value, the previous delay value was reinstated. If responding remained at zero again
for two consecutive sessions, the condition was terminated. This method of schedule
thinning was similar to a procedure suggested by LeBlanc et al. (2002) and
· demonstrated by Sidener et al. (2006), except that probes ahead were not conducted.
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CHAPTERV
EXPERIMENT I: RESULTS AND DISCUSSION
Results for each participant are depicted in Figure 1: For Rob, high, stable
mand rates with moderate variability were observed during the baseline condition,
and these results were consistent across both experimenters. An increase in variability
was observed when a delay of 1s was introduced in both the toy and no-toy
conditions; however, as the delay values increased, variability decreased until similar
responding was observed in both of the conditions. Mand rates also gradually
decreased in both conditions as the delay values increased across sessions. Mand rates
dropped to zero in the toy condition during two consecutive sessions at the 60-s delay
value, so the schedule was returned to the previously successful delay value of 45 s
prior. Responding remained at zero for the next two sessions, after which the toy
condition was terminated. A similar response pattern was observed in the no-toy
condition, however the participant continued to respond until the terminal delay value
was increased to 270 s, at which point mands ceased and the schedule was returned to
the previous delay value of 210 s. While mands reemerged in the first session at this
value, no mands occurred in the following two sessions after which the evaluation
was terminated.
For Steven, high and stable mand rates were observed in baseline and trend,
level, and variability were consistent across both experimenters. As with Rob, a small
increase in variability was observed in both the toy and no-toy conditions following
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the implementation of the first delay value, however variability and mand rates
decreased steadily as the delay values increased. The terminal delay value of 270 s
was reached for two consecutive sessions in the toy condition, while a 210 s delay
value was reached for one session in the no-toy condition. Although the terminal
delay value was met in the toy condition, Steven developed some health problems and
dropped out of the study before further sessions could be conducted in the no-toy
condition.
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Figure 1: Experiment 1: Frequency of mands and duration of delay values (in
seconds) under FR-1 and signaled delay-to-reinforcement conditions for
Rob (top panel) and Steven (bottom panel).
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Steady decreases in mand rates were observed for each participant in both
conditions as the delay values were increased. For Steven, toys did not substantially
enhance schedule thinning during signaled delay to reinforcement. However, for Rob
the availability of toys appeared to impede the effectiveness of signaled delay to
reinforcement as mands extinguished at the 60-s delay value. Duration of toy
engagement during sessions was recorded and trends in the data were compared to
increases in delay values (see Figure 2). These results demonstrate a gradual
ascending trend in toy engagement data that corresponds to increases in delay values,
suggesting that toy contact might have diverted attention from the signal or competed
with the reinforcing value of food.
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Figure 2. Experiment I: Duration (in seconds) of toy engagement and delay values
during Rob's signaled delay-to-reinforcement condition.
The findings of Experiment 1 are inconsistent with those of Hagopian et al.
(2005) who found that the availability of other preferred stimuli during schedule
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thinning resulted in reductions in FCT responses to manageable rates without an
increase in problem behavior for 2 of the 3 participants. For Rob, the availability of
toys appeared to compete with mands for the food box, and while toys appeared to
have no effect on mand rates for Steven as both conditions were equally effective at
reducing mand rates to a manageable level. These results were also inconsistent with
the findings of Sidener et al. (2006) who determined that signaled delay to
reinforcement was ineffective at maintaining low~rate mands.
The discrepancies between findings from Experiment 1 and previous research
demanded further investigation. Sidener et al. indicated that the failure of signaled
delay to reinforcement in their study may have been due to the use of a brief signal
instead of a complete signal, a hypothesis supported by basic nonhuman research
(e.g., Schaal & Branch, 1988). Because a complete signal was used in Experiment 1,
this may have improved the outcomes of signaled delay to reinforcement, rendering it
more difficult to determine the contribution of concurrently available toys. Therefore,
Experiment 2 was conducted to compare the results of brief and complete signals in
graduated delay to reinforcement.
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CHAPTER VI
EXPERIMENT 2: THE EFFECTS OF BRIEF VS. COMPLETE SIGNALS DURING
GRADUATED DELAY TO REINFORC;EMENT
Method
Participant and Setting
One child diagnosed with autism participated in this study. Cal, age 3, had no
vocal mand or tact repertoires and did not engage in any problem behavior.
Sessions were conducted in a treatment room at Western Michigan University
three times per week. Each baseline session lasted 5 min, intervention sessions lasted
approximately 5 to 9 min, and 4 to 6 sessions were conducted during each visit. Data
were collected from a video monitor in an observation room, and all sessions were
videotaped for subsequent data collection.

Materials
The materials from Experiment 1 were also used in this study, except that no
toys were made available during any of the sessions.
Data Collection and Interobserver Agreement
Data collection procedures were the same as in Experiment I. IOA was
assessed for 81.5% of sessions and averaged 96.5% (range, 82% to 100%). Treatment
integrity was assessed for 57.4% of sessions and averaged was 74.3% (range, 0% to

31
100%). IOA was assessed for 39.8% of those sessions and averaged 91.8% (range,
67.0% to 100%).
Pre-experiment Training and Assessment
Pre-experiment training and assessments were the same as in Experiment 1
with two exceptions. A preference assessment was conducted for food items only, and
his five most preferred food items were chocolate chip cookies, red fruit snacks,
Doritos, Cheetos, and Cheez-Its. Cal demonstrated difficulty removing the picture
card from the board and reaching across the table, so the board was not used in the
study. Instead, the picture was attached directly to the table using Velcro, and the food
box was moved closer to Cal to reduce the response effort of retrieving a food item.
Treatment Evaluation
Experimental design. An alternating treatments design with an embedded
reversal design was used to evaluate the effects of brief versus complete signals
during graduated delay to reinforcement. Two experimenters implemented the
baseline condition and sessions were alternated between experimenters in a semirandom fashion. Sessions were conducted until the terminal delay of270 s was
reached for 2 consecutive sessions or until the termination criterion of two
consecutive sessions with zero responses was reached.
Baseline. Baseline sessions were conducted as described for Experiment 1.
Completely signaled delay to reinforcement. This condition was identical to
the signaled delay-to-reinforcement condition in Experiment 1.
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Briefly signaled delay to reinforcement. This condition was similar to the
completely signaled delay-to-reinforcement condition except that the signal consisted
of a 1-s flash of color accompanied by a tone lasting 1-s as well.
Schedule thinning. Schedule thinning procedures were identical to those
described in Experiment 1.
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CHAPTER VII
EXPERIMENT 2: RESULTS AND DISCUSSION
Cal's results are depicted in Figure 3. Cal engaged in high, stable rates of
mands with both experimenters in the baseline condition. Rates steadily decreased as
the delay values increased in both the brief and complete signal conditions. Although
both delay schedules were able to be thinned to 270 s, mands maintained in the
completely signaled condition but not in the briefly signaled condition. A return to a
210-s delay value in the briefly signaled condition resulted in the reemergence of
mands for one session before mand rates returned to zero. Mand rates increased
dramatically across both experimenters when a second baseline phase was
implemented indicating that reductions in responding during intervention were most
likely the result of the signaled delay to reinforcement as opposed to some other
variable.
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Figure 3. Experiment 2: Frequency of mands and duration of delay values (in
seconds) under FR-1 and signaled delay-to-reinforcement conditions for
Cal.
The results of this study suggest that both brief and complete signals were
nearly equally effective at reducing high-rate mands following mand training. This
finding is congruent with the notion that both brief and complete signals may function
as conditioned reinforcers and discriminative stimuli for responding. However, these
results stand in contrast to the Schaal and Branch (1988) study which found that less
responding occurred during delays that were accompanied by a complete signal versus
a brief signal, and that complete signals were associated with better response
maintenance. In the current study, few mands occurred during the delay in either
condition. However, the complete signal appeared to be more effective at maintaining
low-rate mands when the schedule reached the 270-s delay value in both conditions.
Further investigation was required to determine why both brief and complete signals
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were nearly equally effective at reducing and maintaining mand rates when brief
signals were ineffective in the Sidener et al. (2006) study.
Sidener et al. (2006) employed a probe-ahead method of schedule thinning
that was recommended by LeBlanc et al. (2002). The schedule thinning method in
Experiments 1 and 2 of the present investigation used a similar schedule thinning
procedure, except that schedule values were gradually increased without periodic
probes ahead to higher values. It is possible that the probes ahead used in the Sidener
et al. study facilitated extinction during briefly signaled delays to reinforcement.
Therefore, the purpose of Experiment 3 was to compare the effects of two different
methods of schedule thinning on briefly signaled delays to reinforcement: the method
used in Experiments 1 and 2 of the present investigation (ST) and the methodwith
probes ahead (STP) that was used by Sidener et al.
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CHAPTER VIII
EXPERIMENT 3: THE EFFECTS OF SCHEDULE THINNING METHOD ON
BRIEFLY SIGNALED DELAY TO REINFORCEMENT
Method
Participant and Setting
One child diagnosed with autism participated in this study. Amber, age 9, had
a limited vocal mand repertoire and no tact repertoire. She engaged in repetitive vocalizations and stereotypic hand movements (e.g., stiffening of fingers and head or
face grabbing), and she occasionally spit at or scratched others.
Sessions were conducted in a treatment room at Western Michigan University
3 to 4 times per week. Each baseline session lasted 5 min, intervention sessions lasted
approximately 5 to 9 min, and 4 to 6 sessions were conducted during each visit. Data
were collected from a monitor in an observation room, and all sessions were
videotaped for subsequent data collection.

Materials
The materials were the same as those described for Experiment 1 were used.

Data Collection and Interobserver Agreement
Data collection procedures were the same as the previous experiments.
Interobserver agreement data for mands were collected on 39.3% of sessions with an
average of96.5% (range, 80.0% to 100%). Treatment integrity data were collected
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during 62.3% of sessions with an average of 92.0% (range, 0% to 100%). IOA for
treatment integrity data were collected during 31.5% of those sessions with an
average of 98.8% (range, 86.0% to 100%).

Pre-experiment Training and Assessment
Pre-experiment training and assessments were the same as described for
Experiment 1, except that a preference assessment was only conducted for food.
Amber's five most preferred food items were popcorn, Apple Jacks, string cheese,
Cheez-Its, and Pringles.

Treatment Evaluation
Experimental design. An alternating treatments design with a reversal design
was used to evaluate the two methods of schedule thinning during signaled delay to
reinforcement. Two experimenters implemented the baseline conditions and sessions
were alternated between experimenters in a semi-random fashion. Sessions were
conducted until the terminal delay of270 s was reached for 2 consecutive sessions or
until the termination criterion was reached.
Baseline. Baseline sessions were conducted as described in Experiment 1.
Schedule thinning. This condition was identical to the briefly signaled delayto-reinforcement condition in Experiment 2 and the schedule thinning method
employed was the one described for Experiment 1.
Schedule thinning with probes. This condition was identical to the schedule
thinning condition, except that the probe-ahead method described in Sidener et al.
(2006) was used. The same delay values were used in both the ST and STP
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conditions, except that following three successful delay-value increases, one session
was conducted at three values higher. If the probe was successful (i.e., 2 consecutive ·
sessions with at least one mand), the next highest value was introduced. If the probe
failed, the delay value was reduced to that which would have followed the previously
successfully implemented delay value.
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CHAPTER IX
EXPERIMENT 3: RESULTS AND DISCUSSION
Amber's results are depicted in Figure 4. High and stable mand rates were
established in the baseline condition, and responding was consistent across
experimenters. Mand rates slowly declined as the delay values increased in both delay
conditions until a low, stable rate was achieved. Both methods of schedule thinning
resulted in delay values of270 s that maintained responding at low rates; however, the
STP condition was slightly more efficient as the terminal delay value was reached in 8
fewer sessions as compared to the ST condition. A return to baseline resulted in
increased mand rates across both experimenters, once again providing evidence that
the signaled delay-to-reinforcement procedures were responsible for the reduction in
mand rates that were observed during the intervention phase of this experiment.
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CHAPTERX
GENERAL DISCUSSION
Experiment 1 attempted to replicate the findings of Hagopian et al. (2005),
which showed that concurrently available preferred stimuli enhanced schedule
thinning of signaled delay to reinforcement in reducing high-rate mands. Although the
effects of preferred stimuli were mixed, neither evaluation showed that toys enhanced
signaled delay to reinforcement. Experiment 2 was conducted in an attempt to
determine whether the complete signals in Experiment 1 might have enhanced delay
to reinforcement to such a degree that there was little room left to detect the effects of
an additional independent variable (toys). Completely signaled delays maintained
mands slightly better than briefly signaled ones, however the difference was not what
· was predicted based on basic research (Schaal & Branch, 1988). The relative success
of brief signals in Experiment 2 questioned the results of the Sidener et al. (2006)
investigation in which brief signals were insufficient in maintaining mands.
Experiment 3 was conducted to determine if probing ahead to higher delay values
during schedule thinning in the Sidener et al. study might have facilitated mand
extinction. The results demonstrated that the probe-ahead method of schedule
thinning did not hinder mand acquisition, even when delays were briefly signaled.
Collectively, the findings from Experiments 1 through 3 differ from previous
studies. A particularly striking finding is that signaled delays to reinforcement
maintained mands, even under relatively large delays in 7 of 8 evaluations. This
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finding stands in contrast to previous findings on the facilitative effects of complete
signals (Schaal & Branch, 1988) and concurrently available toys (Hagopian et al.,
2005), and can be interpreted in two ways. The first possible interpretation is that
each condition was equally effective at reducing mand rates for all participants, with
the exception of the toy condition for Rob in Experiment 1. This interpretation would
indicate that completely signaled delays, briefly signaled delays, and schedule
thinning with or without the use of probes may be useful interventions for reducing
high rate responding following mand training with individuals with autism.
Perhaps a more parsimonious explanation might be that the discrepant results
are due to a possible experimental confound. Multiple-treatment interference is the
description given to the influence of one experimental condition on responding in
another condition and is prone to occur in alternating treatments designs (Higgins
Hains & Baer, 1989). Given that each of the three independent variables (i.e.,
preferred toys, signal duration, schedule-thinning method) were evaluated using an
alternating treatments design, and data paths from each study were mostly
undifferentiated, multiple-treatment interference might have influenced the outcomes.
Although steps were taken (i.e., assigning one therapist to each condition, using
different colored laptop displays and songs/tones associated with the different delay
conditions) to increase the likelihood that conditions were sufficiently discriminate
responding, these might have been insufficient for establishing proper schedule
control. An alternative to enhancing stimulus control in future single-case evaluations
of delayed reinforcement would be the use of a between-participants design. Under
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this strategy, two groups of participants would be exposed to delayed reinforcement,
but additional independent variables (e.g., signal duration) would be evaluated
between groups. This approach would eliminate the possibility of multiple-treatment
interference and, given a sample size was sufficient for adequate statistical power and
homogenous sample characteristics might permit a better determination of the
influence of these independent variables on the maintenance ofmands under
graduated delay to reinforcement.
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